effect of K þ on BetP structure and dynamics, we were able to determine a mechanism by which K þ influences the interactions in and between protomers in the trimeric BetP.
In the past, a method known as single-molecule force spectroscopy (SMFS) was applied successfully to several types of transmembrane proteins to quantify their interactions and understand them at different structural levels. Another method known as dynamic SMFS (DFS) can be used to intimately investigate these interactions and reveal their dynamics in the form of kinetic parameters. Using both techniques, we structurally localized and quantified how the interactions, the protein dynamics, and the mechanical properties of the structural regions of BetP change upon Na þ -, K þ -, and betaine binding. K þ significantly strengthened all interactions, modulated dynamic properties of functionally important structural regions, and increased the mechanical rigidity of the protein. These changes modulating the properties of the transporter sets BetP into an active state. The binding of the substrate betaine could influence but not establish most of these K þ -dependent interactions. A pronounced conformational change triggered by K þ was observed in a particular region, the periplasmic partly helical loop9 that connects the central iris-shaped bundle helices to a scaffold of two long tilted helices. In the leucine transporter, LeuT, a similar helical segment contributes to a second substrate-binding (S2) site in the periplasm (4). The functional Fig. P1 . An extracellular K þ -dependent interaction site modulates betaine binding of the transmembrane Na þ -coupled betaine symporter BetP. In the Na þ -coupled betaine symporter BetP (gray shaded molecule) from Corynebacterium glutamicum, the cytoplasmic K þ -concentration establishes a second periplasmic substrate-binding (S2) site via an interaction (green upper arrow) between transmembrane helix 12 (TM12) and a helical segment (EH2) in loop9. This interaction is affected by K þ binding to the cytoplasmic side (green lower arrow) and the C-terminal domain. A betaine molecule (purple molecule at periplasmic side) is modeled in the X-ray structure of BetP (PDB entry code 2WIT) to indicate the location of this potential S2 site. The membrane bilayer is indicated yellow.
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role of this S2 site in secondary transporters sharing a similar structural fold as LeuT has been controversial because of a limited amount of data (5) . For BetP, additional experiments revealed that K þ triggers the formation of a second substratebinding site. This second site shows a lower affinity for betaine when compared to the central site. Hence, the stimulating regulatory interaction between the last transmembrane α-helix (TM12) in BetP and its K þ -sensing C-terminal domain is transmitted via transmembrane helix 12 and loop9 to form the periplasmic S2 site that might be involved in K þ -dependent activation of BetP (Fig. P1) . The data presented here contribute to the understanding of how an increase in cytoplasmic K þ -concentrations can promote the formation of a S2 site and point towards a K þ -driven gating mechanism as a crucial part in transport regulation. Further, these results contribute to the general understanding of secondary transport proposing a regulatory role of the second periplasmic binding site.
